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UTILIZATION OF LOW NOx COAL COMBUSTION BY-PRODUCTS DE-FC26-98FT40324
Second Quarterly Report: July 1, 1998 through September 30, 1998
TASK 1.0 -TEST PLAN
The project test plan was completed during the first quarter.
TASK 2.0 -LABORATORY CHARACTERIZATION Task 2.1 -Sample Collection
Samples were received during the first quarter.
Task 2.2 -Material Characterization
Potomac Electric Power Company (PEPCo) Class F fly ash is the first material to be worked on in this project. A head sample was taken and a screen analysis performed. Each size fraction was evaluated for LOI content. Table 1 shows the distribution of the as-received material by size and LOI content. (Jul-Sep 1998) November 1998 2 From the data, 80% of the as-received material is finer than 400 mesh and the LOI content goes from high at coarse fractions and decreases to a low at the finest size fraction. SEM chemical analysis identified the as-received fly ash to mainly consist of silica (46%), aluminum oxide (21%), and iron in various forms (16%). The high iron content presents an extreme case as compared to other fly ash samples we have evaluated previously. Its effect on product testing applications could identify physical and chemical limitations as product testing progresses. Because of the high iron content, it was realized that magnetic separation would be incorporated into the early part of the pilot plant flowsheet to remove magnetic iron and, hopefully, reduce the total iron content.
More analytical data will be presented in the next reporting period.
Task 2.3 -Laboratory Testing of Ash Processing Operations

Lab Flotation Testing
Laboratory flotation tests were performed on the as-received PEPCo material. The best performing test is illustrated in Table 2 . The clean ash derived from the rougher cell shows a low LOI content of 0.43%. The froth produced from the cleaner operation produced an LOI content of 57.5% with an overall LOI recovery of 80.40%. The cleaner cell analysis after flotation revealed 9% of the weight remained in the cell. The grade of cell material at 2.11% LOI would need to be further upgraded by recirculating the material back through rougher flotation. Based on the optimum lab test, a pilot plant flowsheet was developed for PEPCo ash. The flowsheet is depicted in Figure 1 . Magnetic separation was incorporated early in the process to remove magnetic particles of the iron rich fly ash. Next the non-magnetic fraction will be screened at 100 mesh. This was done to eliminate a relatively high LOI material that would not respond well to flotation because of its size. Because the +100 mesh material is less than 2% of the feed material ,we have decided not to complicate this flowsheet with what would be an uneconomical size reduction step. Rather we have chosen to monitor it as a process output at this time. The -100 mesh material will require a conditioning residence time of 6 minutes in order to duplicate lab results. This time is required for reagents to contact the relatively low percentage of carbonaceous material that is present in the feed. From conditioning that material will report to the rougher flotation cell where the clean ash product is produced.
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Upgrading the Carbon Concentrate
Laboratory testing is being performed as part of activated carbon product testing. Enrichment of the carbon fraction by chemical leaching will be evaluated.
Environmentally Friendly Reagents
Over 30 reagent combinations have been performed to date with six combinations showing promise. These tests have been performed on moderate types of fly ash that we have worked with previously. Unlike AEP, which is high in carbon, and PEPCo, which has a high iron content, these fly ashes are more in line with what we would call average. The approach was to eliminate extreme fly ashes and first evaluate the environmentally friendly reagents on fly ash that is more widely available. Analytical results are not currently available.
TASK 3.0 -PILOT PLANT TESTING
PEPCo fly ash was run late in the quarter based on the flowsheet developed in Task 2.3.2. Complete results will be available next quarter, as analytical work is still in progress.
TASK 4.0 -PRODUCT TESTING
Product testing is very much dependent on the sequence and results of Task 2.0 (Laboratory Characterization) and Task 3.0 (Pilot Plant Testing). This sequence of producing clean fly ash causes an inherent lag in project flow and available amounts of material for testing. Because of this lag time, the product testing tasks (unless otherwise noted) are using AEP fly ash as an overlap material into this project as fly ash from Potomac Electric Power Company (PEPCo) is being tested and beneficiated.
In conjunction with specific areas of product testing, namely fly ash classification for plastic fillers and molding methods of formcoke, another use for the coarse fraction of the clean fly ash (+5 micron) has been briefly examined. The coarse fraction obtained while producing the -5 micron fraction for fillers may have its own application. A slurry consisting of +5 micron fly ash Michigan Technological University Second Quarterly Report (Jul-Sep 1998) November 1998 5 and a binder was used to coat cavity surfaces of sand molds used in the CastCon process (which is a proprietary IMP/MTU forming process). The initial application produced promising results.
Task 4.1 -Concrete Testing
This quarter started with repair and maintenance of equipment and facilities used in the concrete test work. In conjunction with this, new aggregate supplies were received, sorted by size, and stored for project use.
Testing was initiated to evaluate and compare AEP fly ash (high carbon content in asreceived form) and Potomac Electric Power fly ash (high iron content in as-received form). The goal is to assess concrete performance variations seen in the as-received materials and determine to what degree these traits or trends follow in the clean fly ash applications.
Due to the lag time in PEPCo fly ash pilot plant production and the time required to produce compression strength data, little complete data (7 day, 28 day, and 90 day) has been generated at this time. Complete data cycles will become available next reporting period.
Task 4.2 -Fly Ash Carbon as Coke
Eighteen papers regarding formcoke have been collected and reviewed. There are six basic processes to produce formcoke, as listed in Table 3 .
1 Four processes (1, 2, 3, and 6) require briquetting at a moderate temperature of 90EC or 450EC, which generates complexities in the process flowsheet, equipment selection, and facility size and layout that lead to increases in production costs. Process 4 requires a pretreatment at 815EC, which again complicates the process and increases production costs. Process 5 requires 85% non-coking coal and 15% coking coal, which is different from the residual carbon. Coal contains tar which acts as a binder to form agglomerates that are subsequently subjected to elevated temperature treatment. There is no tar in the residual carbon, therefore, additional binder is required.
The important properties of formcoke are green strength and dry strength after calcination. We believe that a new process can be developed in which the mixing and pelletizing are conducted at ambient conditions and by adding appropriate binders to the residual carbon. A test plan has been developed utilizing twelve mixture formulas as provided in Appendix A.
The key to the proposed mixtures is the two binder system. The starch binder provides good green strength and the tar binder provides high dry strength after calcination. Binders have been acquired and duplicate samples produced according to the formulas. A problem had arisen in locating available strength testing facilities that could be adapted to the formcoke size and compression test range. Two instruments were located on campus. One, commonly used in the foundry industry for testing green strength of sand molds, can be modified to test the green strength of our formcoke samples. The other instrument is used for testing mechanical properties of metal samples and can be directly used to test the dry strength of our formcoke.
Task 4.3 -Fillers in Plastics
During this reporting period AEP clean ash was classified using an air classifier to obtain enough fine (-5 micron) clean ash for the plastic filler tests. A portion of the fine ash has been coated with a polymer coupling agent used for improving the bonding between the filler and plastic matrices. Another portion of the fine ash has been calcined at 600EC for 2 hours and then coated with the polymer coupling agent. The purpose of calcination is to remove any residual flotation reagent on the ash surface and evaluate its effects on the mechanical properties of plastics filled with the fine clean ash material.
It is planned to compound nylon, ABS, and polycarbonate polymers with a commercialgrade CaCO 3 , the polymer coupling agent coated ash, and the calcined polymer coupled ash in various loading levels. The commercial-grade CaCO 3 is already coated with a coupling agent by the producer. The compounding mixtures are provided in Table 4 . The majority of the compounding work has been completed. Next quarter, compounding work will be completed and injection molding tests will be initiated.
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Task 4.4 -Activated Carbon
Previous work has shown that carbon produced from the fly ash beneficiation process has the potential capabilities to adsorb pollutants from gas streams, with heat treatment of such carbon increasing adsorption capacity. SEM work has indicated that the beneficiated carbon, even after using physical beneficiation techniques, still contains impurities. These fly ash impurities are in the form of mechanically bound particles and physically bound (fused) particles.
The presence of impurities in the upgraded carbon product poses some significant questions in regards to an activated carbon application.
1)
How do we truly assess the carbon in the carbon fraction, knowing that inherent and fluctuating variability will be present due to the presence of the impurities?
2) How can the carbon fraction be further upgraded to a more homogeneous material economically?
It is recognized that physical separations have inherent limitations of upgrading the carbon fraction. Further physical cleaning would require size reduction and liberation to enhance carbon grade. Because of the relatively low percentage of carbon in the as-received material, the economics of enhancing the process this way would be cost prohibitive. It is believed that the economics associated with the carbon fraction upgrade would best be served chemically by an acid or base scrubbing operation in conjunction with energy input such as heat or ultrasonic treatment. This will not alter the scope of work regarding leachability of the carbon concentrates, but will enhance it from a technical and economic viewpoint. Results of this activity should start unfolding next quarter.
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1)
Provide a reasonable process upgrade in regards to scale of economics.
2) Provide a more homogeneous material for ultimate studies, i.e. this is the cleanest condition and best expected performance.
3) Open up new markets for high quality applications such as carbon black, carbon fillers, and low volatile carbon additives.
4)
Provide a baseline to judge performance.
5)
Provide a possible alternative to costly thermal treatment by controlling residual reagents by digestion. Results obtained under the previous program demonstrated that powder-based aluminumfly ash composites can be processed to exhibit tensile properties competitive with traditional aluminum powder metallurgy materials with excellent potential for substantially-improved wear performance. In order to fully exploit the cost-savings and energy-savings potential of these composites for high-volume applications such as wear-resistant inserts for automotive aluminum castings, however, there is a need to further develop low-cost processing protocols for the material. This work has three primary objectives:
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Press-and-sinter processing consists of first cold-pressing a metal powder blend into a green preform of the desired shape and then sintering this preform under a protective atmosphere to bond individual powder particles together. To facilitate both sintering and recycling of the aluminum-fly ash composites being developed, the matrix alloy for these composites was chosen to be a derivative of the automotive casting alloy 319.0. It contains 6.0 wt% Si and 3.5 wt% Cu, with the balance being aluminum. The composites are produced by:
• Blending elemental silicon, copper and aluminum powders to produce the desired Al-6.0Si-3.5Cu matrix composition, • Combining this blended elemental matrix with beneficiated, sized fly ash to produce a composite powder, • Cold pressing this composite powder to produce a green preform of the desired shape, • Sintering this near-net-shape preform to produced a consolidated part, and • Heat treating the sintered part to a peak-strength (T-6) temper.
Aluminum-fly ash composites containing 5 vol% and 15 vol% beneficiated ash are being produced and evaluated under the program. In addition, the unreinforced matrix alloy is being processed in parallel with these composites to provide a baseline for property assessment.
Work during this reporting period focused on development of appropriate practices for blending, cold compaction and sintering of the 5 vol% and 15 vol% composites. The blended elemental matrix alloy was first prepared by dry blending of the component powders. It was then mixed with appropriate amounts of sized, beneficiated ash obtained by processing Class F material obtained from Potomac Electric Power Company of Newburg, MD. The particle size distributions of each of the component starting powders, as measured by Microtrac analysis, is shown in Figure 3 . Powder blends containing 0%, 5vol% and 15vol% fly ash were then coldpressed into cylindrical disks 25 mm in diameter x 6 mm thick using a double-acting steel die. Compaction curves showing the density of each disk as a function of pressing pressure are shown in Figure 4 . In each case, density is expressed as "percent theoretical density". i.e. percentage of the density which would be observed in a fully-densified (void-free) material of a similar composition. Differential scanning calorimetry traces were then run on cold-compacted samples of each of the three materials to identify appropriate sintering temperatures. The scans obtained are shown in Figure 5 . Based on these results, disks of each material were then pressed to 85% theoretical density and sintered under a partial pressure of argon at 580, 590, 600 and 610EC.
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Anticipated activities for the next reporting period include:
• Heat treatment studies on the 0%, 5% and 15% materials.
• Preparation and testing of tensile samples of each material.
• Metallographic evaluations of the composite materials. 
